Abstract: Psychosocial Work Environment and Well-Being: A Cross-Sectional Study at a Thermal Power Plant in China: Shanfa YU, et al. Department of Occupational and Environment Medicine, Peking University Health Center, China-To investigate the effects of the job demand-control (DC) model and the effort-reward imbalance (ERI) model on worker's wellbeing, self-reports for psychosocial work conditions and well-being were made by a sample of 878 workers at a thermal power plant in China using the main dimensions of DC and ERI questionnaires. Logistic regression analyses were employed controlling for age, gender, and educational level, and negative and positive affection among others. Workers reporting high job demands and low job control or high efforts and low rewards had elevated risks of job dissatisfaction, psychosomatic complaints and depressive symptoms. Odds ratios were generally higher in workers reporting both high efforts and low rewards. Furthermore, low reward proved to be a stronger predictor of poor wellbeing when both job stress models were simultaneously adjusted. To some extent, interaction effects were found for social support, but no interaction effects were found for overcommitment. The findings indicate independent effects of both the DC model and the ERI model on well-being. Future work should explore the combined effects of these two models of psychosocial stress at work on health more thoroughly. (J Occup Health 2008; 50: 155-162) 
Over the past decades, research into occupational stress and employee well-being has been guided by theoretical models in the developed countries. These occupational stress models have proven to be useful as they help to identify particular job characteristics important for employees' health and well-being. There are two important models in occupational stress research, i.e. the job demand-control (DC) model 1) and the effort-reward imbalance (ERI) model [2] [3] [4] . The DC model predicts that the most adverse health effects of psychological strain occur when job demands are high and decision latitude is low. This particular combination of job characteristics is termed as 'job strain' 1) . An important extension of the DC model was made by adding social support as a third dimension. It is presumed that health and well-being decreases in work situations characterized by high demands, low decision latitude and low social support. Social support can have a main effect, i.e. alleviate stress directly or act as a buffer in interaction with the stressors 5, 6) . The 'job strain' hypothesis has been tested more frequently than the 'buffer' hypothesis, and that the 'job strain' hypothesis has received considerable support, whereas the limited number of studies that have tested the 'buffer' hypothesis have shown inconsistent results [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . The ERI model assumes that adverse health effects occur when there is an imbalance between (high) efforts and (low) occupational rewards. Furthermore, the model predicts that employees characterized by a motivational pattern of excessive work-related overcommitment have an elevated risk of experiencing this stressful imbalance, which may lead to more health complaints 20, 21) . A rapidly increasing number of studies based on the ERI model has been carried out and the combination of high effort and low reward at work has been found to be a risk factor for cardiovascular health, subjective health, sickness absence, mild psychiatric disorders and reported symptoms 10, 13, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . A review of studies on the ERI model has shown that the extrinsic ERI hypothesis has gained considerable empirical support, while the intrinsic overcommitment hypothesis remains inconsistent, and the moderating effect of overcommitment on the relation between ERI and employee health has been scarcely examined 32, 33) . As mentioned by Kasl in his study 34) , it is worth studying the relative contribution of each model to the explanation of health and well-being, in view of their differences and complementary aspects. So far, several studies have been conducted comparing the two models. The results suggest that both job demand-control and effort-reward imbalance are independently related to the risk of developing coronary heart disease 20, 22, 35) , health and well-being 26, 28, [36] [37] [38] and insomnia 13) . The job of workers operating a thermal power plant is usually considered to stressful. Several characteristics of this job contribute to the development of stress reaction; for example an operator cannot control the speed of work, is unable to regulate the workload, and the operation is repetitive and monotonous. The purpose of the present study was (1) to compare the predictive validity of the DC and ERI models for self-reported well-being, and (2) to explore the moderating effect of the social support component of the DC model and the overcommitment component of the ERI model.
Method

Participants
All 1,120 workers in a state-owned thermal power plant in China were asked to participate in this study. The data were collected by means of self-reported questionnaires along with a covering letter explaining the purpose of the study, its anonymous character and the voluntary nature of participation. The questionnaires were returned by 921 workers (82.2%), and a total of 43 respondents (4.6%) were excluded because responses for three or more items were missing. The remaining 878 workers (78.4%) were taken as the sample for the analysis in the present study.
A breakdown of the demographic characteristics of the sample showed that 65% of the respondents were male and 35% were female. Ages ranged from 17 to 59 yr (mean=36. 
Measures
Job characteristics
Psychological demands, physical demands, job control, social support dimensions of the DC model were used in this study 39, 40) . The questionnaire was translated into Chinese and its accuracy confirmed by back-translation. Psychological demands and physical demands were measured with the help of nine items and five items, respectively, whereas job control was assessed by ten items and social support by eleven items. Cronbach's alpha coefficients of psychological demands, physical demands, job control and social support scales were 0.60, 0.77, 0.68 and 0.77, respectively.
The ERI questionnaire was used in this study [2] [3] [4] , it consists of the following three scales: extrinsic effort (6 items), occupational reward (11 items), and overcommitment (29 items) . This questionnaire was also translated into Chinese and its accuracy confirmed by back-translation. Extrinsic effort was evaluated by measuring the psychosocial workload, while occupational reward focused on the workers' financial status (i.e. salary), self-esteem, and career opportunities (e.g. promotion prospects and job security). Overcommitment as a personal (intrinsic) component was defined as a set of attitudes, behaviors and emotions reflecting excessive striving along with a strong desire for approval and esteem. Cronbach's alphas of effort, reward and overcommitment scales were 0.78, 0.63 and 0.84, respectively.
Well-being indicator
In order to assess workers' well-being, three different outcome variables were analyzed: job dissatisfaction, psychosomatic complaints and depressive symptoms. Job dissatisfaction was measured using the job satisfaction scale of OSI-2 which has 12 items 41) (Cronbach's α=0.91). Depressive symptoms were measured by the Center for Epidemiological Survey Depression Scale 42) (Cronbach's α=0.86). Psychosomatic complaints were measured by ten items of specific psychosomatic health complaints 43) , for instance, "Did you have trouble with chest pain in last month?" Cronbach's alpha was 0.80.
Affection
Affection was measured by ten items 43) , which consisted of the following two scales: positive affect (5 items) and negative affect (5 items); Cronbach's alphas were 0.70 and 0.84, respectively.
Statistical analysis
All the job characteristics and workers' well-being indicators were constructed by summing the scores on the individual items. In addition, the variables were split by the median value. Both the job strain and the effortreward imbalance indicator were computed by creating four independent categories: (1) low demands (efforts) and high control (or rewards), (2) high demands (efforts) and high control (or rewards), (3) low demands (efforts) and low control (or rewards) and (4) high demands (efforts) and low control (or rewards). Furthermore, according to the theoretical formulation, the job strain (or ERI) indicator was also computed by demand/control in which a value greater than the median indicates the critical condition; the ratio of effort/ (reward × 0.5454) was calculated to assess the degree of imbalance between high cost and low gain at work and a value >1.0 indicates the critical condition.
Multivariate logistic regression analyses were used to determine the associations between job strain or effortreward imbalance and workers' well-being. Participants with missing data were excluded list-wise-that is, people with missing information on at least one of the items in the analysis were excluded. This procedure resulted in slight changes of participant numbers in the logistic regression models according to the variables included. Multivariate odds ratios (ORs) and 95% confidence intervals (CIs) were derived from the logistic regression models. In all the analyses, age, gender, education level, negative affection and positive affection were controlled for. Pearson correlational analysis indicated that disease status, working hours and smoking and drinking were related with psychosomatic complaints (r from 0.10 to 0.18, p<0.01), so in all the analyses of psychosomatic complaints as dependent variables, these factors were also controlled for. In a subsequent analysis, psychological demands, physical demands, job control, efforts, and rewards were simultaneously controlled for each other. With respect to the possible moderating role of social support and overcommitment, social support (or overcommitment), job strain (or ERI) and interaction term job strain × social support (or ERI × overcommitment) were simultaneously controlled for each other. An alpha of 5% was used for all statistical analyses. All analyses were conducted using SPSS 11.0. Table 1 describes the number and percentage of the workers that reported high job strain (i.e. high demands and low control) and effort-reward imbalance (i.e. high efforts and low rewards). Missing observations were handled by list-wise deletion. Table 1 shows on average that about 20% of the people were categorized in the most adverse quadrants.
Results
Pearson correlational analysis indicated low coefficients among the three well-being indicators (r from 0.21 to 0.39, p<0.01). Table 2 shows the results of the logistic regression analyses of the three well-being indicators by job strain and effort-reward imbalance. Job strain was associated with elevated risks of job dissatisfaction and psychosomatic complaints. To be more specific, for the psychological demands, the risk of job dissatisfaction and psychosomatic complaints for workers who had both high demands and low control was about two to four times as high as that for workers with low demands and high control (OR=3.72 or 2.35). Similar results were found for physical demands. The same pattern of results, but with stronger effects, was found with regard to the four-category effort-reward imbalance indicator. This indicator was associated with elevated risks of job dissatisfaction, psychosomatic complaints, and depressive symptoms. More specifically, the risk of job dissatisfaction for workers who had both high efforts and low rewards was about eight times as high as that for workers with low efforts and high rewards (OR=7.95). Furthermore, the risk of psychosomatic complaints and depressive symptoms were about two times as high, respectively (OR varied from 2.18 to 2.69).
When psychological demands, physical demands, job control, efforts and rewards were simultaneously controlled, it appeared that rewards were the strongest predictors of job dissatisfaction, psychosomatic complaints and depressive symptoms (see Table 3 in details).
As to moderating effect of the social support component of the DC model on well-being, for psychological demand, the interaction term strain × social support had a significant OR value on psychosomatic complaints and depressive symptoms (OR=2.24 or 1.68, respectively), and for physical demand, the interaction term strain × social support had a significant OR value on depressive symptoms (OR=2.04) (see Table 4 in details). It can also be seen from Table 4 that ERI had a main effect on job dissatisfaction, psychosomatic complaints and depressive symptoms, overcommitment had a main effect on psychosomatic complaints, and no interaction effect of ERI × overcommitment was found for job dissatisfaction, psychosomatic complaints or depressive symptoms.
Discussion
The use of two theoretical models of work-related stress (the DC model and the ERI model) seems interesting. Controlling for demographic characteristics and affection factors, they both contribute to an improved explanation of variations in the workers' well-being. Overall, the findings of this study support both the main hypotheses of the DC model and the ERI model. Both models had independent effects on poor well-being. The findings demonstrate associations between job strain or effortreward imbalance and workers' well-being. The findings also indicate the moderating effects of social support in the DC model on psychosomatic complaints and on depressive symptoms, but not on job dissatisfaction. However, the findings don't indicate a moderating effect of the overcommitment component of the ERI model.
Job strain
People reporting both high demands (psychological demands or physical demands) and low control had elevated risks of job dissatisfaction, psychosomatic complaints and depressive symptoms. These findings corroborate those of recent reviews of the DC model 44) . Generally, current findings provide consistent empirical support for the view that high strain jobs (high demand, low control) give rise to poor well-being 13, 25, 36) . Our results also provide support for the moderating effects of social support, as was demonstrated in a previous study 10) .
Effort-reward imbalance
Workers reporting a mismatch between their efforts and rewards showed even more pronounced risks of job dissatisfaction, psychosomatic complaints and depressive symptoms, compared to those reporting job strain. The present results corroborate with earlier findings of these associations [21] [22] [23] [24] [25] [26] [27] . Additionally and importantly, ours present findings show that two further constellations of effort-reward associations call for attention, at least with respect to poor well-being: (1) low efforts and low rewards and (2) high efforts and high rewards. The corresponding odds ratios showed differential associations between these two intermediate categories and the three well-being indicators. For instance, the risk of job dissatisfaction among the category of workers with low efforts as well as low rewards was about five times as high as that of workers with low efforts and high rewards (OR=4.82). On the other hand, the risk of job dissatisfaction among workers who had both high efforts and high rewards was about two times as high as that of workers with low efforts and high rewards (OR=1.84). The case was almost the same for the DC model. The results indicate occupational reward and job control could be important factors for health effect and preventive measurements of occupational stress. Although our findings indicate that overcommitment was related to the increased risk of psychosomatic complaints, the results didn't support our hypothesis of an interaction effect between ERI and overcommitment. These findings are in line with the results by Ota et al. 13) , but are contrary to the findings of Peter et al. 20) , de Jonge et al. 25) and Kuper et al. 31) A review by van Vegchel et al. 32) showed that the inconsistent results might be due to different outcome categories. So, the interaction effect of overcommitment and ERI requires further study.
Model comparison
Kasl 34) noted that comparisons of different types of job stress with respect to health or well-being outcomes were needed to advance research in the field. Our comparison of the two models shows that the odds ratios concerning effort-reward imbalance were mostly higher than odds ratios concerning job strain. When the dimensions of the two job stress models were simultaneously controlled, rewards were the strongest predictors of job dissatisfaction, psychosomatic complaints and depressive symptoms. Strikingly, low job control had a lower predictive power. This result is similar to those of several other studies 23, 25, 36) . Correlations between dimensions from the two models were found to be low, with the exception of a moderate correlation between psychological demand, physical demand and effort, varying between r=0.48 and r=0.49. No overlap between measures of the two models existed in our analysesthat is, the two models represent distinct conceptual and operational approaches. The results concerning occupational rewards and effortreward imbalance are in line with the recent changes in the nature of work in China. China is undergoing enormous economic and social changes, with the transformation of its industrial structure from laborintensive to high-tech and flexible working, with the rise of new technologies, along with redundancies and insufficient social security, which has had an enormous impact on today's working life. It has led to the end of lifetime employment and an increase in job insecurity. Furthermore, in China organizational and management processes are still conducted in very autocratic ways: decision-making behind closed doors, top-down communications, emphasis on policy implementation rather than employee consultation, and personnel promotion based on interpersonal relations rather than ability or performance. From this particular point of view, occupational rewards seem to be more significant than job control; whereas detrimental effects may result from unfair or inadequate salaries, lack of support, and lack of promotion prospects.
Limitations of the study
Several limitations of this study need to be taken into account.
Although our sample was of a larger size, the participants were limited to workers in a corporate group of a state-owned thermal power plant, and wasn't representative of the Chinese workforce. The present study should be repeated in further studies with various occupational settings and populations to examine the influence of possible selection biases and to generalize the present findings.
Unselected missing data which was mainly caused by a lack of information leading to a reduced number of participants entering the multivariate analyses (Tables 2 to 4) compared to the original sample. Yet, no difference between the original sample and the reduced sample was found with regard to psychosocial exposure and wellbeing indicators prevalence. Therefore it is unlikely that the reduced numbers of participants in the multivariate analyses affected the associations under study.
The present study relied on self-report measures of both independent and dependent variables. It is possible that "soft" dependent variables such as self-reported wellbeing may be derived from the same conception of self as explanatory variables like psychosocial work conditions. In this case, there is a problem of common methods' variance in which the independent and dependent variables are hardly distinguishable 34) , resulting in the possibility of contamination between measures 7) . This problem could lead to a possible inflation of strength of relationships. In this study, we tried to reduce the problem of conceptual and methodological overlap by (1) classifying job characteristics in terms quite different from those of the well-being variables, (2) measuring the indicators with different response formats, and (3) positioning measures of the indicators in different locations throughout a larger survey questionnaire. Furthermore, correlational analysis showed that three different independent variables reflected workers' wellbeing. In all logistical analyses, negative affection and positive affection were controlled for, so our results ruled out the bias effect of negative affectivity.
In conclusion, the findings add to accumulating evidence of adverse effects on well-being produced by job strain and effort-reward imbalance. The predictive power of the effort/reward imbalance model was greater than that for the DC model using three well-being measures. Our findings partially support the hypothesis of the moderating effect of social support on association between DC model and well-being, but don't support the h y p o t h e s i s o f t h e m o d e r a t i n g e ff e c t o f t h e overcommitment on association between the ERI model and well-being. The findings also point to the promise of refining and combining information derived from either job stress model in future research.
